gravis (Burnet and Mackay, 1962) , and more recentlyin association with an untreatedcaseof systemic lupus erythematosus (Mackay and deGail, 1963) , indicates that some autoimmune diseases are associated with intense proliferative changes in the thymus.
An unexpected finding in connection with rheumatoid arthritis was that the average rate of pathogenic (somatic) events in women is about twice that in males (Burch, 1963a, c) . The most obvious interpretation of this rate difference is that the pathogenic events affect X-linked genes. This view conflicts with Lyon's (1961) hypothesis of Barr-body formation in normal XX females because it implies that both homologous genes on the X-chromosomes in the stem cells â€oe¿ at riskâ€• engage in messenger and/or repressor-RNA synthesis, either simul taneously or on some kind of alternating basis My purpose in this article is to draw attention to certain statistical features of manic depressive psychosis and to inquire into their possible aetiological significance.
I shall show that some of these statistical characteristics arc very similar to comparable aspects of diseases that are widely considered to be autoimmune.
Although it does not follow than manic depressive psychosis is an auto immune disorder, the parallels and coincidences are perhaps sufficiently striking to warrant further investigation.
The remainder of the introduction will be devoted to a brief rÃ©sumÃ© of conclusions that have been drawn regarding the aetiology of some human autoimmune diseases.
It emerges that the age-and sex-specific incidence rates or prevalence of rheumatoid Of special interest is the conclusion that in some autoimmune diseases at least there is an endogenous defence mechanism directed against forbidden clones ; where the pathogens are small lymphocytes defence probably involves specific humoral antibody (Green and Sperber, 1962; Burch, I963a, c) . Moreover the efficiency of defence appears generally to be markedly higher in women than in men. This sex difference manifests itself in two ways: (i) where the clinical severity of a disease is related to the number of genetically identical forbidden clones,@,more such clones are needed to produce a givt!n grade of the disease in women than in men; (2) the interval or latent period between the completion of the last somatic mutation (and hence the initiation of the last forbidden clone) and symptoms or signs of the disease is longer in women than in men (Burch, I963b; Burch and Rowell, 1963 gives the relative rates of somatic mutation in males and females, and it enables a distinction to be drawn between somatic mutation of genes on the X-chromosome and of autosomal genes.
This depends upon the inference that somatic mutation of genes at risk on the X-chromosome occurs with twice the frequency in females as in males . (Burch, I963a, c; Burch and Rowell, 1963 ).
By integrating equation (i) from t=o to cc, one obtains the value of P0, that is, the propor tion of the male or female population, at birth, that is at risk with respect to the disease in question.
In general terms, the significance of equation (I) is as follows : It describes (with the above restrictions) the age-, and sex-specific incidence rate of a disease, the phenotypic expression of which depends upon the accumulation of r, specific, random, but dependent somatic muta tions. The term : exp ( _ktn/r) becomes im portant when the penetrance of the disease approaches unity. When the penetrance is low (saylessthanabout20percent.)andwhenthe mortality in the subpopulation of interest is the same as that in the general population, the age specific incidence rate, dN/dt, is effectively equal to .k P0 t(r-@ In other words, at low penetrance, the age-specific incidence rate of the disease will be proportional to a constant power of age. However, with increasing age and in creasing penetrance the proportion of people who have not already developed the disease will decline sharply. Consequently the incidence rate climbs to a maximum and then drops sharply.
Examples of the family of curves described by equation (I ) are given elsewhere (Burch and Rowell, 1963) . The shape of a particular curve drawn on log-log graph paper depends only on r, although the position of the curve on the grid (up, down, left or right), depends on k and P0. P0 affects the â€oe¿ up and downâ€•aspects only, k affects both vertical and horizontal positions. For the diseases investigated so far, it appears that the k values for females are either equal to, or 2@ times, the corresponding k values for males, where x, a positive integer, is presumed to be the number of pathogenic somatic mutations affecting X-linked genes.
The chief interpretational complication is the problem of the latent period. Theory describes the relation between incidence rateâ€"marked by the occurrence of the last somatic mutation and age. However, the biological â€oe¿ endpointâ€• is usually the manifestation of symptoms or signs, or for example death; in the present instance it is the first admission to hospital.
Obviously there must be some lag between the initiation of a forbidden-clone, its growth into many cells, and subsequent damage to target tissue of sufficient intensity to produce detec  table pathological effects. In autoimmunity, this lag, or latent period, is further complicated by the action of the defence mechanism (in volving humoral antibody) and it is probably susceptible to environmental factors such as severe infections. In rheumatoid arthritis the â€oe¿ average severityâ€• of the disease depends upon the number of forbidden-clones ; more of these are required in women to produce the same clinical grade of arthritis as in males (Burch, Making these rather minor corrections for the effect of the latent period, age-and sex-specific incidence-rates are derived from first-admission rates to hospital in New York State for @ to I95 1 (Malzberg, i 955) and are plotted on log-log scales in Figure i . The continuous lines in the figure are based on dN/dt cc t@ exp (â€"¿ kt3/3). Thereis a misfitfor the admissions age-group 10â€"14 (presumed average age at â€oe¿ incidenceâ€• 5 to II@5 years) but apart from this one group, it will be seen that the fit of the points to the theoretical expression isâ€"in view of the diagnostic difficultiesâ€"surprisingly good. It indicates that three random events are responsible for the initiation of the disorder. The misfit for r=@ and r=@ (broken lines) is very marked and neither of these provides a realistic alternative. The age of peak incidence rate is about 46 years in men, and 37 in women.
The relationship between the curves for males and females is particularly interesting. The remaining important detail that can be extracted from these curves is the sex-ratio of the somatic mutation rates; this is given by the ratio of the k values, (kF/kM). It is equal to 2. Viewed in conjunction with earlier findings (Burch, 1963a; Burch and Rowell, 1963) shown a more or less consistent decline with time. Furthermore, the age-and sex-specific incidence-rates for these earlier periods do not lie on the smooth (continuous) curves of Figure   @ . It is considered that the secular decline reflects progressiveimprovement in diagnosis.
Kallmann (is) has noted that it was rather common for patients to be diagnosed as manic depressive on their first admission to hospital, only in the younger but also in the older age groups; this shows a peak in the 40 to 6o years age range. In a later article, it will be shown that this peak corresponds to the diagnostic category involutional psychosis. Again, there is an indication in Figure i that York State over at least a 6o-year period. The apparent change is perhaps entirely attributable to the difficulties of diagnosis.
FAMILiAL STUDIES AND GENETIC ASPECTS
From the above analysis of pathogenic events affecting somatic cells, it has already been con cluded that one of the inherited requirements is a rather common (frequency about 30 per cent.) these random events are some form of somatic mutation. It appears that their average rate is constantâ€"in a given individual and from one person to another of the same sexâ€"from i 0 years of age (or earlier), to the end of the life span. One somatic mutation probably affects an X-linked gene because its rate in females is twice that in males ; the remaining two somatic mutations should affect genes at one or two autosomal loci. The interval between the occurrence of the last somatic mutation and first admission to hospital is, on the average, about 2 @ 5 years in males and about @ years in females.
As in many autoimmune diseases, and in certain manifestations of ageing, (Burch, I963a, b ; Burch and Rowell, @ 963) it is necessary to explain how a disease can arise from a small number of random events which could well correspond to gene mutations. Burnet's (i 959a, b) forbidden-clone hypothesis of disturbed tolerance autoimmunity provides a plausible solution to this problem (see the Introduction) and it is supported by observations which reveal germinal centres in the thymuses of untreated patients with autoimmune disease (Burnet and Mackay, 1962; Mackay and deGail, 1963) . The pathogenesis of manic de pressive psychosis must in fact include some mechanism for converting and amplifying three specific random events, accumulated during the lifetime of a carrier, into a mental disorder. In view of the relative scarcity of observa tions and the difficulties of diagnosis and follow-up, agreement between theory and familial observations is very satisfactory. The possibility of any simple alternative genetic scheme fitting all the observations better than the present one would appear to be remote. The statistical evidence does not of course reveal the role of the dominant autosomal and X-chromosomal alleles. However, a close con nection may well exist between the inherited XM1 and AM alleles and the somatic mutations which also affect both X-and autosomal genes.
DISCUSSION
The good measure of agreement between equation (i) and estimated age-, and sex-specific incidence-rates suggeSts that manic depressive In view of the blood brain barrier and the absence of any gross pathological lesions in the central nervous system, it is to be expected that an indirect mechanism is involved. The blood-brain barrier inevitably raises the issue of the aetiology of multiple sclerosis. On another occasion I shall argue that this diseaseâ€"associated with de myelinated axons in the central nervous systemâ€"arises from disturbances in a system that has characteristics similar to, but not quite the same as those of the system involved in manic depressive psychosis. Thus it appears that the average â€oe¿ latent periodâ€• is of approxi mately the same duration in males and in females, whereas in disturbed tolerance auto immunity involving forbidden-clones of lympho cytes it is generally longer in females than in males. Multiple sclerosis (and kuru) may therefore result from disturbances in some other system, and the pathogenic agent might be a â€oe¿ forbiddenâ€• humoral factor that diffuses through the blood-brain barrier. However in the next two articles I shall argue that schizo phrenia and â€oe¿ involutional psychosisâ€•â€"in common with manic depressive psychosis result from defects in a system similar or identical to that which generates forbidden clones of lymphocytes carrying cell-bound autoantibody.
SUMMARY
Attention is directed to the age-specffic and sex-specific incidence rates of manic depressive psychosis in relation to age. Using Malzberg's (i9@@) statistics for New York State, it is shown that certain statistical features of this mental disorder closely resemble comparable features of diseases that are widely believed to have an autoimmune aetiology. The age pattern of incidence rates, and the familial evidence, indicate that predisposition to manic depressive psychosis is confined to individuals of a sub population that is characterized by a particular genotype. There are more females at risk than males. The specific genetic requirements appear to be : one dominant allele at an X-linked locus, and one dominant allele at an autosomal locus. rence of the final initiating somatic mutation and first admission to hospital is about 2 @ 5 years in males and about 5 years in females.
The pathogenesis of manic depressive psy chosis appears therefore to involve disturbances either in the immune system of a carrier or in some other system with similar genetical and statistical characteristics.
